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and the lower switching about in a cloud of dust on the
ground, you can imagine something of what the twister
looked like when it passed Hardtner.”

When the tornado disappeared, ambulances were
rushed to Hardtner from as far as Alva, Okla., almost
20 miles distant, under the supposition that the town had
been wiped out and hundreds of persons mangled or
killed. Fortunately only the edge of the town had been
struck and no one was injured. People had seen the
tornado approaching and had taken to storm caves—
the well known ‘“cyclone cellars” of the West—and
basements, where they were safe. After the disturbance
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was over it was reported, ‘“People came out of the
ground like ants.”

As in the case of many tornadoes, this one was accom-
panied by a heavy fall of hail. At Kiowa, 10 miles to
the east, where the sun could still be seen shining over
the top of the tornado cloud, slugs of ice, disk shaped,
and 2% inches wide and almost an inch thick, fell in the
sunlight like gleaming meteors out of a black cloud that
backed in from the east. Finally, the parent cloud of
the tornado merged with the black hail cloud and the
whole mass moved off toward the northeast.

PENSACOLA WATERSPOUT OF JUNE 14, 1929

By Lieut. P. G. Haug, U. 8. Navy

A waterspout occurred in Pensacola Bay from 9:31 to
9:37 on the morning of the 14th of June, 1929. A some-
what detailed report of the occurrence 1s made, for it is
believed that some new data will be made available for
the study of waterspouts. The waterspout was not a
large one and lasted only six minutes, but it is the attend-
ant data which excuses the length of the report.

To begin with, an aerograph (airplane meteorograph)
flight was made that morning up to 3,000 meters. The
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F1aURE 3.—Enlarged portion of tephigram of Figure 2. (See text.)

writer of this article was the observer.
the notes taken during the flight:

Takeoff at 0624. Light haze. Tall cumulus over the Gulf of
Mexico. Few strato-cumulus around the horizon. Base of the
cumulus about 450 meters. Haze ring to the east at an altitude
of about 2,800 meters, cumulus thrust through it in places. Tops
of the cumulus over the Gulf of Mexico were well over 3,000 neters.
Quite bumpy throughout the flight. Top of the flight at 0646.

After landing the data were worked up, using an
adiabatic chart and a tephigram chart to plot them.
The instrument used on the flight was a Friez aerograph,
type Aero-1928-USN, No. 51. Frequent calibrations
insure that the instrument is reasonably correct. A copy
of the work sheet used in picking off the data from the
aerograph chart accompanies this report.

On the adiabatic chart (fig. 2) there are plotted (1) a
temperature-pressure curve; (2) a curve to determine
graphically the altitude of the significant points; (3) a
humidity-pressure curve; (4) a wind velocity curve, from
pilot balloon ascent at 0600; (5) wind velocity-altitude

The following are

curve, from pilot balloon ascent immediately following
the waterspout, about 10 2. m.; and (6) a vapor pressure-
pressure curve. These various curves are labeled on the
adiabatic chart. The 6 a. m. pilot balloon ascent
reached an altitude of only 1,530 meters, when the
balloon was lost due to haziness. The ascent immediately
following the waterspout was made to an altitude of
5,300 meters, where the balloon disappeared behind a
cumulus cloud.

The aerograph sounding is plotted on a tephigram
chart (fig. 3) the scale of which 1s rather small, so an en-
larged portion of the tephigram chart is magnified and
the sounding replotted on it to better show the details.
Both the tephigram chart and the magnified portion on &
separate page are submitted with this report (fig. 3).

The upper left curve “A’ is the tephigram or tem-
perature-potential temperature curve on the tercentesimal
scale. The lower right hand curve “C” is the dew-point
temperature plotted against the pressure. The central
curve ‘“B”’ is a curve connecting the points at which air
rising adiabatically from points on the tephigram, curve
“A’” would become saturated and begin to form cloud.

For a description and better understanding of the
curves plotted see ‘‘Physics of the Air,” by W. J. Hum-
phreys, second edition, 1929, pages 259-261.

The shaded area vepresents the energy-per-unit mass
of saturated air available for convection from lower to
higher levels. The upper right edge is cut off at the end
of the tephigram, as no information is available above
point “8” and no assumptions are made. It might be
noted that the entire area as shaded really is representa-
tive of the energy available at point ‘““1.” An area
almost as large would represent the energy available at
the surface or point “0.” At point “2” there is no
energy available and but a slight amount at point “3.”
Another feature of the tephigram, curve ‘“A,” is that
except between points “2” and ‘3" and points 7’ and
““8” the curve is more nearly horizontal than the psuedo-
adiabats, and thus air from the surface up to point “7"
once saturated becomes unstable except for the shallow
layer between 2’ and ¢“3.”

Tephigrams are drawn daily as part of the routine at
the United States naval air station, Pensacola, Fla., and
they are completed prior to the completion of the weather
map. So far, their principal use has been in the prediction
of thunderstorms for the current day. This is based on
a study of the size of the energy area and the levels at
which energy is available. In general when curves “A”
and “B” are widely separated and the energy does not
exist thunderstorms do not occur. When the two curves
are close together and the energy area is evident but not
large, thunderstorms may or may not occur. When



(yuourjredo(T AABN ‘SOIIMBUOIIY JO NBAING ‘J3IY 9yl jo uoissturtad £q poysand) “sur[dpu| AZ-O UB UIOI} UdYE} ‘6561 ‘FI dun( ‘Avg B[0IBSUIJ UT Jnodsig)e p\—'T TIAOIT

6Z61 ‘2909120 " ‘A W

(8¢g d 207 o)



oam ) aCN oQ_ oQ ..Q_I 0¢— eoml OV-
% WATIR AN Y] N ] : LELNUAEY WAWAWAWRY K 008
ANRSANANEN NN LN N N TN =1\ 1Y
B wo SR il I K . AN AN N
< NN NN PN AN y 3ii\ N -
000| IR NS R RS ,
RN NS A , NN LR
w . AN S N N b \
L0 S T Y T R T Y R R S S NENE
; _ N N \lls\l X /_///,r NN 1™ ] . o < \ V N N
L M h - LI - N N N RS N > D \ /\ X 5 h
. 4*/ /_4/~/_r/ / \/\.\ NN NANAYRNES //// N N .ﬁ-/ N coﬁ
ARNLENENAND'E NUK NNER N N LI N L > N N
o A T ) IAS Llr N N o AN
0 . I Y VAN =T yi i A AT O AR "N pu F a AN EEAN
.ENﬁm.ﬂi : ¥ ../H: .\, P = - = - - A N o #u\. 1/ Ay b AY
w VNWH N Jﬁ/ w.v _/,_H _/C TI N/ M ! / J/ N N N N ANER N N )
A NAND SN UNLY NN iNANANAN D NANANAN 2 N N
.E omNH %/ £3 P, _ A \, / 1N N - > / _ N b / 5 // /(
e 2 N ANDRE BN IRAENANANGEN NENANAY o AN
weeel NN N RN 13- > N : R D ; NS
. Y SURIUDY ST RN ] - NN ¥ AN S AN
w mﬂét } N JIDN LN L h NI AY a b g N NI N
s HIHIR RSN jLv/ LN N NAS SENANENAS IANANEER N NANANAN
NN N N N AR INENNNEENAY TSNS ANaNANN T
w gpgz i NN NN UK P I L IARNANEUREN NN , N IN
IR N NIDERK RN AN X > N ) aqn N //
NI (ENYNANAMESNUNSNANNNANANENEURANEAN SANAN O N
ERILW IR SN N \ > . N = N P
W 000E AR 5 NENRNEESESEAR IR RS SESEUANNANE SR NAN B
i Il h [N IR N N N N AN A AR N N ANAN N 00C
(1] SNl anLns o A N TEATS S N D N SR . " N WA .
11 / Y I = N N N N N N
T M AENRIEEEUNANE A T X CREANE AV N N
dt 1l 1 ! \ S bl //r NN NI A NS NL D NEN N .
RN R AN N AN A SN SRR AN RN AN A A TA L CASA NN N TA R R 008
IHOR RN BANEEN NN NENTANANANNANAN wUEN R DR BN RN ANANAY §
e e N =T N N SR BN N < N
i _m__ H i \-~ N W, N o// Mc /M/ /V. N Nl T w
HH; "M__ ;__ IR AN rmA SR ) // N ™ // /// ™ LARNAEN ] N 000
__"m | Z: f ARy, //M, WL RAOR J A NAN N // N | N N
ooglaluf ot Ly L L AANARA NN NRERN N N SNUNBNBS 1w oog
T ’ li N Y < 4 I ~ ] X
e L F N AN WINNERLN NN SANN AN NN )
1 | 3 N N N
_“ ____ —____-N \\. ~_~ \ 0V/ N ” ]/l /m// N N // [I/ // N /] A N
bl .T_ _“ : i :\ NN J/ .,w ] N ' SN = /(Vﬂ TR w000
t NN N= h N N N
& K : __,_r:___._‘ ::_Z D N = I // //// // /L ) W 00E
W. ”._ “____ i T:: /// W,u//// LN N // /7 N // /esQ
< il 3 N AN " N
; HHL __ __ RL ] //, N < NN N N @,/ /// Nuw
m :_ __ N _‘ _\ _: N = A / /J N // m/%/ ///j N
- eom:_h I HERnEN | RN Y NRNANI B s N L
ﬂ 1_ﬂ~ __~ T 7 N -~ A N p=2 N /
g Jequ n_j. T ~___.\_ Tt S WA /// N SR //
2 HEEHHT IR N UERNCANY N R NN EENY NINCNY
ww m Q_ m_ 0¢ 0 01— eONI ccml i} .ﬂl

882 °a 00v7 o jIey) o1BqRIDY B Bl H 0 d



AvcusT, 1929

there is a large energy area, as on the accompanying
tephigram chart, thunderstorms almost invariably follow
during the day.

At 8 a. m. on June 14, when observations were being
made for the aerological record, it was noted that there
were seven-tenths cumulus elouds with a prevailing diree-
tion from the south. It was noted, however, that some
cumulus moved from the west and some from the south-
west. These observations were made with a Weather
Bureau type nephoscope. By 9:30 the development of
the cumulus had continued until forms of cumulo-nimbus
were appearing. There was a partially developed cumulo-
nimbus to the south over the Gulf from which rain was
falling. There was another to the west, about 5 miles
off, from which rain was falling, and to the north, about
10 miles distant, was a third from1 which rain was falling.
This was the setting as observed by the writer, who was
on top of the observatory to watch the developing squalls
in order to warn the squadrons of possible dangerous
weather for flying.

By chance, attention was directed toward the north,
where at 9:31 the waterspout formed. It formed about
2 miles to the north of the station and about a half mile
offshore. It lasted six minutes—until 9:37. During
that time it moved very slowly in a general southeast
direction. This was determined by observations from
the observatory and from planes in the vicinity.

The waterspout was observed from the aerological
observatory to form in the clouds and descend to the
water. The descent did not take more than 20 seconds.
The descending column laid over flat under the cloud and
then descended rapidly in an arched shape. As viewed
from the south the column had a shape similar to that
shown in the picture, except that the slope was to the
right or east. In the picture the slope is toward the left
or south, so that actually the column sloped toward the
southeast, which was its general direction of movement.

When the waterspout first appeared, a landplane was
ready to take off from the station field with a photogra-
pher. Its regular mission was delayed and the plane
flew near the waterspout, where two exposures of it were
made. Only the picture accompanying this report
turned out well. From the pilot who flew the plane,
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Lieut. (Junior Grade) H. S. Duckworth, U. S. Navy, and
the photographer who accompanied him, G. A. Carroll,
private first class, U. S. Navy, the data of the next para-
graph were obtained.

The altitude of the base of the cloud from which the
waterspout descended was 1,100 feet by the plane’s alti-
meter. The picture was taken looking toward the west
when the plane’s altitude was 500 feet. The base of the
waterspout was estimated to be one-half to three-quarters
of a mile off shore. The plane was approximately 1,500
feet from the waterspout when the picture was taken.
The waterspout was between 20 and 30 feet in diameter.
At the base, faintly discernible in the picture, was an
outer whirl of cloud or spray concentric with the water-
spout, about three times its diameter and extending
upward 50 feet from the surface of the water.

In the background of the picture is what appears to be
another waterspout forming. This was not ohserved by
anyone and is thought to be rain falling or a defect in
the negative.

Many people who were close to the waterspout, in-
cluding those who were in the photographic plane, were
questioned regarding the direction of rotation. This
important evidence was not obtainable, as no one seems
to have noted it. Neither was thunder or lightning
observed in connection with the waterspout.

The waterspout disappeared more rapidly than it
formed. It was seen to break near the surface of the
water and rapidly draw up into the cloud above.

This report is prepared because it is thought that this
is the first time data of the character presented here has
been available in connection with the study of water-
spouts. No conclusions will be attempted other than to
suggest that the predominating feature in the formation
of this waterspout was vertical convection. The pilot bal-
loon ascent taken immediately after the formation of the
waterspout shows a general southwest wind which varied
from south to west-southwest. While the noted move-
ments at 8 a. m. of cumulus clouds from the south,
southwest, and west indicate a difference of direction of
the upper air perhaps sufficient to initiate a whirl, the
tephigram certainly shows a large supply of energy to
produce an accelerated vertical convection,

TaBLE 1.—Work sheet used in transcribing the data from the airplane meteorograph record sheet, June 14, 1928, at Pensacola, Fla.
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